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TEST  OF  A  ZENITH  CARBURETOR  MODEL  U.  S.  52  FITTED 
WITH  “PLAIN  TUBE”  AND  BRITTON  TYPE  DISCHARGE 
NOZZLES. 


OBJECT  OF  TEST. 

This  test  was  conducted  to  determine  the  metering 
characteristics  of  the  Zenith  carburetor,  Model  U.  S.  52, 
(  I)  as  used  in  service  on  Liberty  “0”  and  “12”  aviation 
engines,  (2)  fitted  as  a  “ plain  tube”  carburetor  (compen¬ 
sating  fuel  passage  blank),  and  (3)  with  Britton  type  dis¬ 
charge  nozzles. 

CONCLUSIONS. 

The  “plain  tube”  setting  retains  the  power  and  fuel 
consumption  characteristic's  of  the  standard  carburetor. 
The  acceleration  is  good,  but  not  equal  to  that  of  the 
standard  setting,  whereas  the  altimetric  and  load  com¬ 
pensation  are  practically  the  same.  It  has  no  advantages 
as  to  operating  characteristics  over  the  standard  setting. 
The  acceleration  of  the  Britton  type  discharge  nozzle  is 
definitely  poor,  making  it  impracticable  for  service  use. 

The  Britton  type  discharge  nozzle  shows  slightly  less 
mixture  enrichment  up  to  10,000  feet  altitude,  but  a 
greater  enrichment  from  10,000  to  25,000  feet  altitude 
than  the  standard  setting.  This  nozzle  has  Blight  inherent 
load  compensation  if  used  in  a  strictly  plain  tube  carbu¬ 
retor,  that  is,  with  a  blank  compensating  jet  in  the  Zenith 
U.  S.  52.  When  used  with  the  compensating  jet  which 
supplies  fuel  to  the  idle  well  only,  this  characteristic  is 
not  apparent,  the  load  compensation  being  practically  the 
same  as  that  of  the  standard  and  the  “plain  tube”  set¬ 
tings.  The  load  compensation  of  the  “plain  tube”  and 
Britton  type  discharge  nozzle  takes  place  through  the 
idling  passages. 

DESCRIPTION. 

The  Britton  type  discharge  nozzle  was  designed  by  Mr. 
K.  B.  Britton,  of  the  Britton  Carburetor  Manufacturing  Co. 
of  Cleveland,  Ohio,  and  consists  of  a  cone-shaped  nozzle 
with  four  outlet  holes  near  the  base  of  the  cone, 
drilled  at  an  angle  of  45°  with  the  center  line.  (See  fig. 
35.)  This  nozzle  is  screwed  into  the  Zenith  U.  S.  52  car¬ 
buretor  body  in  place  of  the  standard  Zenith  main  jet  and 
compensating  discharge  nozzle  or  cap  jet.  The  threaded 
portion  is  long  enough  to  blank  off  the  compensating  fuel 
passage,  the  compensating  jet  or  metering  orifice  remaining 
in  place  to  supply  fuel  to  the  idling  well.  The  main 
metering  orifice  is  screwed  into  the  lower  end  of  this 
dischaige  nozzle. 

The  “plain  tube”  arrangement  was  obtained  by  blank¬ 
ing  the  compensating  fuel  passage  between  the  compensat¬ 
ing  metering  jet  and  the  discharge  nozzle  (see  figs.  18 
and  15).  The  compensating  jet  supplies  fuel  to  the  idling 
system  only,  as  with  the  Britton  type  discharge  nozzle. 

METHOD  OF  TEST. 

The  runs  made  on  this  test  may  be  divided  into  three 
general  classes,  (1)  those  conducted  with  the  carburetor 


the  dynamometer  or  torque  stand  to  determine  power, 
fuel  consumption,  and  general  operating  characteristics, 
(2)  those  conducted  in  the  carburetor  test  chamber  to 
determine  the  metering  characteristics  of  the  carburetor 
with  various  settings,  and  (3)  flight  tests. 

A  Liberty  “  6  ”  aviation  engine  was  coupled  to  an  electric 
cradle  dynamometer  and  the  following  runs  made  with 
(1)  the  standard  Zenith  U.  S.  52  setting,  (2)  Britton  type 
discharge  nozzles,  and  (3)  the  “plain  tube”  arrangement: 
several  check  runs  at  1,700  revolutions  per  minute,  full 
throttle, to  determine  the  best  setting,  a  full  power  run  1 ,200 
revolutions  per  minute  to  2,000  revolutions  per  minute,  a 
propeller  load  run  1,700  revolutions  per  minute  to  1,200 
revolutions  per  minute,  and  runs  to  determine  the  accelera¬ 
tion.  These  runs  were  conducted  and  computations 
made  as  outlined  in  Engineering  Division  Report,  Serial 
No.  1507.  Domestic  Aviation  Gasoline,  War  Department 
Specification  No.  2-40,  was  used  during  all  the  runs  made 
on  this  test,  including  those  in  the  carburetor  test  chamber. 
The  time  required  for  the  engine  to  accelerate  from  300 
revolutions  per  minute  to  1,200  revolutions  per  minute 
with  rapid  throttle  opening  and  fixed  electrical  resistance 
was  taken  as  a  measure  of  acceleration  in  comparing  the 
various  carburetor  setting  and  discharge  nozzle  combina¬ 
tions  tried. 

Runs  were  made  with  the  Liberty  “6”  engine  mounted 
on  the  torque  stand  to  determine  more  accurately  the 
propeller  load  and  acceleration  characteristics  of  the  car¬ 
buretor  with  the  same  nozzle  arrangements  as  were  used 
on  the  dynamometer  runs.  Five-minute  fuel  readings 
were  made  at  full  throttle,  1,500,  1,300,  and  1,100  revolu¬ 
tions  per  minute,  on  a  Liberty  “12”  engine  on  the  torque 
stand  with  standard  carburetors  and  with  “plain  tube” 
arrangement  in  the  same  carburetor.  J 

The  carburetor  test  chamber,  used  for  determining  the 
metering  characteristics  of  this  carburetor  under  various 
conditions  of  air  flow  and  throttle  opening,  consists  essen¬ 
tially  of  four  parts,  (1)  a  pump  for  producing  the  necessary 
air  flow  through  the  carburetor,  (2)  the  box  or  test  chamber 
proper  in  which  the  carburetor  is  mounted,  (3)  a  Durley 
flat  plate  orifice  for  measuring  the  weight  of  air  flow,  and 
(4)  a  volumetric  fuel  measuring  tank.  The  necessary 
manometers  for  measuring  pressure  differences  at  various 
points  in  the  carburetor  are  also  provided.  Figures  16 
and  17  show  the  box  and  manometer  board. 

The  work  in  the  carburetor  test  chamber  was  conducted 
in  a  manner  to  get  a  direct  comparison  of  metering  char¬ 
acteristics  between  the  standard  Zenith  U.  S.  52  carbu¬ 
retor  and  the  same  carburetor  fitted  with  the  “plain”  and 
Britton  type  of  discharge  nozzles,  and  also  to  determine 
the  effect  of  the  component  parts  of  the  standard  carbu¬ 
retor  on  mixture  ratio.  Runs  simulating  propeller  load 
operation  were  made  at  ground  level  and  20,000  feet  alti¬ 
tude  and  full  throttle  runs  at  each  5,000  feet  altitude  from 
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the  ground  level  to  25,000  feet.  The  effect  of  float  cham¬ 
ber  vacuum  was  determined  by  taking  several  readings  at 
various  vacuums  for  each  altitude  increment  up  to  25,000 
feet.  In  making  runs  in  the  carburetor  test  chamber  two 
and  often  more  readings  were  made  for  each  condition  of 
air  flow,  altitude,  etc.,  and  the  results  averaged. 

Flight  tests  of  the  “plain  tube”  setting  were  made  with 
a  Liberty  “6”  engine  mounted  in  airplane  P-173  and 
with  a  Liberty  “12”  engine  in  airplane  P-175.  Flights 
were  made  to  the  service  ceiling  of  each  airplane  and 
acceleration  and  general  operation  during  maneuvers 
determined  at  various  altitudes.  Several  cross-country 
flights  were  made  with  airplane  P-175. 

ANALYSIS  OF  RESULTS. 

The  operation  of  the  Liberty  “6”  engine  is  practically 
the  same  with  the  “plain  tube”  arrangement  as  with  the 
standard  U.  S.  52  setting.  A  slight  difference  in  accelera¬ 
tion  may  be  detected  with  a  stop  watch,  the  standard 
setting  having  the  greater  acceleration  due  probably  to  the 
fuel  in  the  compensating  fuel  discharge  nozzle  and  the  idle 
well  which  is  available  as  soon  as  the  throttle  is  opened  but 
is  blanked  off  with  the  “plain  tube”  setting.  The  actual 
time  in  seconds  for  the  engine  to  accelerate  from  300  to 
1,200  revolutions  per  minute  with  a  fixed  electrical  resis¬ 
tance  and  rapid  throttle  opening  was  5.4  for  the  “plain 
tube”  and  4.8  for  the  standard  setting.  The  acceleration 
of  the  engine  with  the  Britton  type  discharge  nozzle  is 
definitely  inferior  to  that  obtained  with  the  standard 
setting,  the  engine  ceasing  to  fire  if  the  throttle  is  opened 
quickly. 

The  fuel  consumption  curves  for  full  throttle  and  pro¬ 
peller  load  operation  are  shown  in  Figures  1  and  2.  The 
shape  of  the  curves  is  practically  the  same  for  each  setting 
tried  indicating  that  load  compensation  is  not  seriously 
interfered  with  by  blanking  off  the  compensating  fuel 
passage.  The  fact  that  compensation  under  these  condi¬ 
tions  takes  place  through  the  idle  passages  was  clearly 
indicated  by  running  the  engine  with  blank  compensating 
jets  fitted  in  the  standard  or  “plain  tube”  carburetor. 
Full  throttle  operation  with  the  blank  compensating  jets 
was  comparable  to  that  of  the  standard  or  “plain  tube” 
setting  but  on  closing  the  throttle  as  on  propeller  load  the 
mixture  became  so  lean  that  the  engine  ceased  firing. 

Comparative  curves  of  fuel  flow  and  specific  fuel  con¬ 
sumption  for  the  standard  setting  and  the  “plain  tube” 
setting  on  a  Liberty  “12”  mounted  on  the  torque  stand 
are  shown  in  Figure  3.  The  fuel  flow  with  the  “plain 
tube”  arrangement  is  approximately  8  per  cent  greater 
than  that  of  the  standard  setting  at  cruising  speeds,  1,400 
to  1,600  revolutions  per  minute. 

This  difference  in  fuel  flow  does  not  check  with  the 
results  obtained  in  the  carburetor  test  chamber.  (See 
curve  sheet,  fig.  11.)  It  is  quite  possible  that  part  of  the 
apparent  increase  in  fuel  flow,  on  the  torque  stand,  of 
the  “plain  tube”  setting  over  that  of  the  standard  was 
due  to  temperature  and  barometric  differences.  These 
atmospheric  conditions  indicate  a  greater  density  on  the 
day  when  the  “plain  tube”  carburetor  was  run,  which 
would  increase  the  amount  of  power  required  to  drive  the 
propeller  at  a  given  speed,  thus  increasing  the  amount  of 
throttle  opening  required  and  hence  the  fuel  flow. 


The  tabulated  data  on  pages  22  and  23,  most  of  which  are 
shown  in  plotted  form  in  Figures  4  to  14,  indicate  the 
character  and  results  of  the  runs  made  in  the  carburetor 
test  chamber. 

The  curves  in  Figure  4  indicate  the  altimetric  com¬ 
pensation  of  the  standard  Zenith  carburetor  with  the 
control  in  the  full  rich  and  full  lean  positions.  The 
mixture  enrichment 1  from  ground  level  to  25,000  feet 
is  72.2  per  cent  with  the  control  in  the  full  rich  position. 
The  mixture  range  obtained  by  means  of  the  mixture 
control  is  greatest  at  the  ground,  decreasing  with  increasing 
altitude.  Ground  level  mixture  may  be  maintained  with 
the  control  to  15,000  feet  altitude. 

The  altimetric  compensation  of  the  “plain  tube”  and 
Britton  settings  is  shown  by  the  curves  in  Figure  5.  The 
enrichment  of  the  “plain  tube”  setting  from  ground  level 
to  25,000  feet  in  the  full  rich  position  is  slightly  less  than 
that  of  the  standard  carburetor  being  42.5  per  cent  as 
compared  to  72.2  per  cent.  The  enrichment  of  the 
Britton  type  discharge  nozzle  over  the  same  altitude  range 
is  practically  the  same  as  that  of  the  standard  setting  but 
has  a  slightly  different  form  of  mixture  ratio  curve,  showing 
less  enrichment  up  to  10,000  feet  altitude  and  a  greater 
enrichment  between  10,000  feet  and  25,000  feet  altitude. 
The  range  of  the  mixture  control  is  somewhat  less  for  the 
plain  tube  than  the  standard  setting  giving  ground  level 
mixture  to  an  altitude  of  approximately  12,500  feet. 

Load  compensation  curves  of  the  standard  carburetor 
and  setting  are  shown  in  Figure  6.  The  mixture  enrich¬ 
ment  on  propeller  load  from  1,700  to  1,300  revolutions  per 
minute  is  slight,  11.5  per  cent  at  ground  level,  full  rich, 
and  approximately  the  same  at  20,000  feet  altitude,  full 
rich  and  full  lean.  The  greater  enrichment  of  the  mixture 
in  the  full  lean  position  at  ground  level  is  through  a  range 
of  mixture  ratios  much  too  lean  for  engine  operation. 

Mixture  ratio  characteristics  of  the  “plain  tube”  Betting 
on  propeller  load  are  shown  in  Figure  7.  The  change  in 
mixture  ratio  is  practically  the  same  as  that  of  the  standard 
setting,  the  absolute  values  being  slightly  leaner.  This 
latter  condition  is  to  be  expected  as  the  fuel  flow  through 
the  compensating  fuel  passage  was  cut  off.  The  curve 
obtained  with  the  compensating  jet  blank  indicates 
clearly  that  the  compensation  obtained  with  the  “plain 
tube”  setting  takes  place  through  the  idling  passages. 
This  curve  is  characteristic  for  a  plain  jet  in  a  single  ven¬ 
turi,  the  mixture  becoming  lean  as  the  throttle  is  closed. 

The  curve  sheet,  Figure  8,  shows  the  load  compensation 
of  the  Britton  type  discharge  nozzle  at  ground  level  and 
20,000  feet  altitude.  With  the  standard  size  compen¬ 
sating  jet  in  place,  so  that  compensation  may  take  place 
through  the  idle  passages,  this  nozzle  gives  practically  the 
same  mixture  ratio  change  over  propeller  load  as  does  the 
standard  discharge  nozzle  with  or  without  the  compen¬ 
sating  fuel  passage  blanked.  With  a  blank  compensating 
jet,  however,  the  Britton  type  discharge  nozzle  shows 
slight  inherent  load  compensation  characteristics,  the 
mixture  becoming  leaner  as  the  throttle  is  closed  but  not 
to  the  same  extent  as  with  the  standard  discharge  nozzle 
under  the  same  conditions. 

where  x  mixture  ratio, 
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‘Per  eent  mixture  enrichment^  .  -X100  y—  mixture  ratio  lb. 

.  air/lb.  fuel, 

1  25, 000  ft.  alti¬ 

tude. 


Digitized  by  LjOOQle 


mt 


+H- 

m 


Ebbsbbs:: 


_J_  1  l-UJ  i  II  1  iU-LUJ.i-LUJJ.L-  U :  I 

*  3E/TWH  TCEE  D/5C/7ACGE  /iOTZU 

±L-UXLi.-Q..iT.i'.a7  r . I  rm~n~n~tn 

O  CHORE  36MML  MAIN  JET  HO.  50 
DE/'LL  5/ZE.  COME  JET  /.  70 M.M. 

•  CHO/SE  30  MM  MA/M  JET  MO.  47 
DE/LL  5/ZE.  COME  JET  /.  70  MM. 


"LH  i  I  H-H~ 
£ 


i  ■■■« 


?A\ 


j  I ! 


SsUlsiu 


H-H  \rzA/H  Ti/9EAEEAHQEMEH7YtT 
O  CHOKE  36 MM.  MA  IM  JET  £00  M.M 
COME  JET  /.  70 M  M.' 

•  CEOEE  30  MM.  MA/HJET  /.  GS  M.M. \ 
M ME  JET  /  70  M.M 


0.400 


144± 

fflfll+rtTrF- 


fffl- 

Sm# 


.  , 

i 

u 

L 

1 

*  . 

- 1 

:  ; 

SS5SSSS8SSSSSS5SS5SS 
:  <  ■■■■■■niSiiii!  v 


m 


4+4- l 

m 


ss 


ml""'- 


■■■■■■hi 


Digitized  by 


Google 


SS5SSSS555SSSSSS5SS£bmbbh£mm>Sbmhhih 


■■■■■i 


MB/?/T7Urt  TYBE-  &/5CHAPGE  HOZZL 


■■■■■■■■■■■■■■■ 

■■■■■■■■■■■■■■■ 


■■■■■■■■L^  !■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
■■■■■■■■■■■£!«■■■■■■■■■■■■■■■■■  ■■■■■■■■■■■■■■■■■■■■■■■■■  ■■■■■■■ 


—■■■■■■■■■■■■■■■  | 
■aim  mmmmmmmmmmmmi 

■maaa iirnmnii 


0.500 

Tm- 


'«===?■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ aaaaB 

liiiimiiiiinmiiiiimii 

ia8aaaa8B»:*aaaaaaaaaa8Baaaaaaaaaaaaa8aaaaaaaaafr*;»4B8Baa8 

IBBBBBBBBBBBBBBBB»i=Z''lBBBBgBBBBBBBBBBBBBBflI<'IBBBB»Z«*BBBBnBBB 

flBBBBBBBBBBaK»UHMBBBBBHB>!»*=i.flflBBBBBBBBi 

■■BliBBiBBBBBBaBaaaaBaaBaaaBaaBaBBBBBaBBaaaaaaBaaaaaaaaBaaaBaa 


■an 


■4+H-H-H+ 


m 


Digitized  by 


8 


I  ■■■■■■■■■■ 


VARIATION  OF  MIXTURE  RATIO  WITH  ALTITUD 
TH  CA  R BURE  TOR  MODEL  US  52 


STANDARD  SETTING  FOR  LIBERTY  12  ENG/N 
''HOKE  3G>  MM.  MAIN  JET  1.05  MM  COMPEN 
ATING •  JET  L  TO  MM. 


I  ■■■■■  mmmmmmmmrnuwfSniSmSsamWiSWSjS} 


is::::::::; 


:ssi 


I  £2! 


S3! 

■■■■■■■■■■■■■■■■■■■»*■■■■■■■■■ 


ns::sns 


::::  iBUHS 


Digitized  by 


Google 


9 


'A  PI  AVON  of  mixture  patio  with  altitude. 

ZENITH  CAPBUPETVP  MODEL  U.S.5Z 
~H  Mil  m  TPi  aim  TUBE' SETTING 5.1  XT-H  1  ITT 
O AND*  CHOPS  3GMM.  MAIN  JET  I.Gb  MM. 
COMPENSATING  JET  /.  70  MM.  COMPENSATING 


Kiiiiiiiiiiiiil 


iiiiiiiiiiiiiiiiiii'iiiiiiiiiiBiiiiiiiiiiiiiiiiiiiiimiimiiiiiiiiii 


FULL  LEAN 


\iSSM3Bl ai: 


4709*  2  2 


Digitized  by 


Google 


10 


*  * '  ’ 


!■■■■■■■■■■■■■■■  War  ^iT II £[*9-4=* IHSKKX&mi nzaamsiH,  0, 4  ■■■■■■■■■■■■■■■! 
!■■■■■■■■■■ ■■■■■■■■■■■■■■■■■■■■■■■■■■«■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■! 
I  ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 


I  ■■■■!■■■■■■■■■■ 
I  ■■■■■■■■■■■■■■■ 


TAN  DA  PD  5ETT/NG  FOB  LIBtRTV-IZ  ENGINE. 
CHOICE  3G MM.  MAIN  JET  I.G5  M.M.  COMPEN¬ 
SATING  JET  L  70 MM.  _ 


GROUND  CONDITIONS.  FULL  FPlCH 
GROUND  CONDITIONS.  FULL  LEAN 
20000  FEET  ALT!  TUDE.  FUL  L  RICH 
20000  FEET  ALTITUDE.  FULL  LEAN 


(■■■■■■■■■■■■■■■■■■■■■a 
■bbbbbbbbbbbbbbbbbbbbb 
I  ■■■■■■■■■■■■■■■■■■■■■■ 
I  ■■■■■■■■■■ ■■■■■■■■■■■■ 
(■■■■■■■■■■■■■■■■■■■■■a 

|BBBBBBBBBBBBBBBBBBBBBB 

mmmmmmmmmmmmmmmmmmmmm 

BBBBBBBBBBBBBBBBBBBBB 

utJbbbbbbbbbbbbbbbbbbbi 


S3SSSSSSS 

IBBBBBBBB 
IBBBBBBBB 

■bbbbbbbbH 

ii: 

■BBBBBBBBBBBB 
IBBBBBBBBBBBB^BBI 
1BBBBBBBBBI 

BiflSssssssssE 


SSSSSSSSSSSiSSSSBSSSSSSSSS 
13S33S8SSS33SSSSSSSSSSSSB 


m 

iwaamBa 


BSSsiSKSBrni 


im\ 


■■■■BBBBBBBBBB 
BBBBBBBBBBBBBBB 
■■■■■■■■■■■■■■ 
mmmmmmmmmmmmmu 

BBBBBBBBBB 
BBBBBBBBBB 

SSS8333S3S 

BBBBBBBBBB 
BBBBBBBBBH 
■■■■■■■■■ 
BBBBBBBBBB 

KS3S3& 


^■aaiaaaaiaaaaaaBaBaaaaaaaaaaaaaaai 


si 

■■■■■■■■■■■■■■■■■I 


BBS 

RSjg! 


IPBBBBBI 
ILBBBI 


BBBBBBBBBBBBBBBl 
BBBBB BBBBBBBBBBi 

bbbbbbbbbbbbbbI 

BBBBBBBBBBBBBBl 

bbbbbbbbbbbbbbI 

5333353333:33=: 

BBBBBBBBBBBBBBI 
BBBBBBBBBBBMH 

MS 

BBBBBBBBB 

mmmmmmam 

M: 

S! 


IBBBBBB I 


■BBBBBBBBBBBB I 

I::::::::::::: 

3333533333533331 
333S5333533353|| 

bbbbbbbbbbbbbbI 


ibbbbI 


BBBBBI 


IBBBBBI 

ssssss: 


Digitized  by 


Google 


Fig.  7. 


Digitized  by 


Digitized  by 


Google 


13 


The  mixture  ratios  obtained  with  each  jet  separately  and 
with  the  standard  carburetor  are  shown  in  Figure  9.  The 
data  on  the  standard  carburetor  setting  plotted  on  this 
curve  sheet  as  a  basis  for  comparison  are  the  same  as  that 
plotted  in  Figure  6  but  to  a  different  scale.  The  curse 
obtained  with  the  compensating  jet  only,  full  lean,  is  dis¬ 
continued  at  1 ,430  revolutions  per  minute  and  a  mixture 
ratio  of  90,  the  slope  indicating  that  at  full  throttle  prac¬ 
tically  no  fuel  flows  through  the  compensating  jet.  This 
curve  is  continued  to  1,600  revolutions  per  minute  in  Figure 
10.  The  effect  of  the  control  on  the  main  jet  is  approxi¬ 
mately  the  same  at  all  speeds  on  propeller  load,  the  mix¬ 
ture  ratio  curves  being  very  nearly  parallel.  The  differ¬ 
ence  in  mixture  ratio  curves,  full  rich  and  full  lean,  of  the 
standard  carburetor  is,  therefore,  due  to  the  change  of  fuel 
flow  through  the  compensating  jet. 

The  curve  showing  mixture  ratio  on  propeller  load  of  the 
idling  discharge  jet  only  (see  fig.  10)  was  obtained  with 
the  main  jet  blank  and  the  compensating  fuel  passage  blank. 
The  curve  of  fuel  flow  under  the  same  conditions  is  shown 
in  Figure  11.  This  does  not  indicate,  however,  the  quan¬ 
tity  which  passes  through  the  idling  passages  of  the  stand¬ 
ard  carburetor  at  full  throttle,  but  checks  very  closely  with 
the  values  of  fuel  flow  as  obtained  by  subtracting  the  flow 


through  the  main  jet  alone  from  that  of  the  “  plain  tube” 
setting.  The  fuel  flow  curves  in  Figure  11  are  plotted 
from  the  same  data  as  the  mixture  ratio  curves  in  Figures 
9  and  10. 

The  fuel  flow,  with  the  control  in  the  full  lean  position, 
is  shown  for  various  jet  combinations  in  Figure  12.  The 
use  of  the  control  bringBthe  fuel- flow  curves  of  the  standard 
and  the  “ plain  tube”  settings  together  over  the  full  pro¬ 
peller  load  range,  and  reduces  the  flow  through  the  com¬ 
pensating  jet  to  practically  zero  at  1,700  revolutions  per 
minute. 

The  effect  of  float-chamber  vacuum  on  mixture  ratio  at 
various  altitudes  is  shown  by  the  curves  in  Figure  13. 
These  curves  indicate  the  characteristics  of  the  back- 
suction  type  of  control  as  applied  to  a  carburetor  using  a 
gravity  flow  compensator  jet. 

The  curve  in  Figure  14,  variation  of  mixture  ratio  with 
air  flow,  shows  the  ratios  corresponding  to  full  throttle 
operation. 

The  flight  tests  made  with  the  “plain  tube”  setting  on  a 
Liberty  “6”  engine  in  airplane  P-173  and  on  a  Liberty 
“12”  engine  in  airplane  P-175  indicate  the  “plain  tube’* 
setting  to  be  equal  in  performance  to  the  standard  setting 
both  as  to  load  and  altimetric  compensation  characteristics. 


Liberty  “6”  engine— Standard  Zenith  carburetor ,  model  U.  S.  52. 
FULL  POWER  RUN. 


R.  P.  M. 

Actual. 

Corrected. 

Water. 

Oil. 

Carb. 

air 

temp. 

•  F 

Man. 
vac. 
in.  hg. 

Fuel  cons. 

_  ' 

Float 

cham¬ 

ber 

vac. 

in. 

Posi¬ 
tion  1 
of  alt. 
con¬ 
trol. 

Brake 

Torque 
•  lb.  ft. 

B.  M. 
E.  P. 

Temp.  *F. 

Temp.  *F. 

Press, 
lb.  per 
sq.  In. 

Sec. 

Lb. 

per 

hp.  hr. 

lb. 

lb.  per 
sq. in. 

In. 

out.  ! 

In. 

Out. 

3-lbs. 

HiO. 

i  1,200 

383 

153.2 

682 

156.0 

124.7 

148 

162 

74 

102 

25 

54 

1.1 

148 

0.477 

5.5 

1  310  ! 

376 

165.0 

671 

168.0 

123.  4 

150 

170 

80 

110 

26 

58 

1.3 

4.6 

5.45  I 

1,420 

380 

ISO.O 

678 

183.  2 

’124.0 

150 

170 

90 

118 

26 

54 

1.5 

124 

.484 

4.2 

6.25  1 

1,510 

378 

190.2 

674 

193.6 

123.4 

152 

172 

92 

no 

26 

56 

1.6 

4.5 

6.60 

,  1,620 

368 

198.7 

1)56 

202.2 

120.0 

152 

172 

94 

108 

26 

58 

1.8 

111 

.489 

5.4 

6.45 

1  730 

352 

203.0 

628 

206.6 

114.9 

152 

170 

100 

108 

26 

58 

1.9 

. j 

5.8 

6.85  1 

1  1,790 

319 

190.2 

568  1 

193.6 

104. 0 

152 

170 

106 

116  ] 

26 

2.0 

98 

'.'579' 

6.6 

7.25 

1  890 

294 

185.  2 

524  1 

188.5 

95.8 

148 

168 

106 

122 

27 

56 

2.2 

7.2 

7.25 

|  2,010 

l  - - - 

249 

166.8 

444 

169.8 

81.2 

I  ,m 

174 

106 

130 

27 

56 

2.2 

97 

.668 

7.8 

7.25  1 

PROPELLER  LOAD  RUN. 


1  i 

1 

R.  P.  M. 

Actual. 

Corrected. 

Water. 

Temp.  °F. 

In.  Out. 

i 

Oil. 

1 

Fuel  cons. 

Carb. 

Posi¬ 
tion1 
of  alt. 
con¬ 
trol. 

1 

I 

Brake 

load 

lb. 

B-H.r.  TbOTr 

.1 

H.  P. 

f 

Temp. 

°F. 

Press, 
lb.  per 
sq. In. 

air 

temp. 

•F. 

Man. 

;  vac. 
in.  hg. 

Sec. 

for 

3  lbs. 

Lb. 

per 

!  hp.  hr. 

float 

cham. 

|  in. 

'  HjO. 

In.  i 

Out. 

1,710  i 

356 

203.0 

634 

20a  8  1 

1 

152 

170 

111  | 

110 

28 

56 

1.4 

106 

0.502 

6.0 

1 

6.50  I 

1  1,630  ; 

309 

168.0 

551 

171.0 

152 

168 

110  ; 

108  1 

28 

56 

3.2 

138 

.466 

4.2 

6.50 

!  1,500 

272 

136.0 

484 

138.  5 

154 

168 

106 

100 

27 

58 

3.9 

*  112 

.473 

3.2 

6.50 

,  1,440  ; 

240 

115.2 

430 

117.3 

156 

170 

1  102 

104 

26 

58 

4.6 

J  126 

.496 

2.8 

6.50  i 

1,290  I 

204 

87.7 

363 

89.3 

156 

168 

102 

116 

26 

7.7 

*  165 

|  .4918 

2.2 

6.50  : 

1,200 

174 

69.6 

310  ! 

70.9  j 

154 

170 

102  1 

i _ 

120 

25 

58 

9.7 

’  198 

.522 

2.0 

6.50  | 

Data  for  both  runs: 

Length  of  brake  arm,  21  inches. 

Average  barometer,  29.40  in.  he. 

Kind  of  oil  used,  U.  S.  Spec.  No.  3.501— Viscosity  of  oil,  115-123  at 
210  *F.  1 

1  Mixture  control  setting:  F.  R.,  7.75;  F.  L.,  0. 

Date  of  run:  February  12,  1921. 

4769  22--  3 


Kind  of  fuel  used,  aviation  gasoline,  W.  D.  Spec.  No.  2-40. 

Specific  gravity  of  fuel,  0.707  at  60*  F. 

Carburetor  sotting:  Choke,  36  mm.;  main  jet,  1.65  mm.;  comp,  jet, 
1.70  mm. 


*  Two  pounds  fuel. 
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Fig.  11. 


Digitized  by_ 


Google 


17 


Flu.  12. 
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Fig.  14 
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Liberty  “12”  amotion  engine — Five  minute  fuel  consumption  runs  on  torque  stand — Zenith  U.  S.  52  carburetor. 


STANDARD  SETTING. 


R.P.M. 

Actual. 

Cor¬ 
rected 
H.  P. 

Man. 
vac. 
in.  hg. 

Float  chamber 
vac.  in.  HjO. 

Mixture  control 
position. 

Fuel  cons. 

Brake 
load  lb. 

B.  H.  P. 

Prop. 

ena. 

Gear 

end. 

Lb./hr. 

Lb./hp/ 

hr. 

i  1,692 

294 

382.5 

393.2 

1.7 

10.3 

9.1 

F.  R . 

217.2 

a  568 

1,696 

297 

387.8 

398.5 

1.8 

11.9 

9.9 

Best . 

204.0 

.526 

1  1,506 

220 

255.0 

262.0 

4.5 

6.4 

5.7 

F.  R . 

121.2 

.475 

i  1,488 

215 

246.0 

253.0 

4.4 

6.5 

5.8 

Best . | 

118.8 

.483 

1,294 

167 

166.2 

171.0 

9.6 

2.6 

2.4 

F.  R . 

78.0 

.469 

1,272 

159 

155.5 

160.0 

9.3 

3.5 

2.6 

Best . 

78.0 

.501 

i  1,034 

105 

83.5 

85.8 

14.4 

1.4 

1.1  ! 

F.  R . 

48.0 

.575 

966 

1 

98 

72.8 

74.8 

14.0 

1.0 

1.2 

F.  L . 

45.6 

.626 

Note.— Engine  operation  rough  at  1,000  R.  P.  M.  settings. 
Length  of  brake  arms,  48.5  in. 

Fuel  used  (Spec,  grav.),  0.710  at  60*  F.,  W.  D.  Spec.  2-40. 
Barometer,  29.10  In.  hg. 

Oil  used,  U.  8.  Spec.  No.  3501,  viscosity,  115-125  at  210  0  F. 
March  24.  1922. 


Average  air  temp.,  70*  F. 

Outlet  water  temp.,  170°  F. 

Carburetor  settings:  Carburetor  used,  Zenith  U.  S.  52;  Chokes,  36  mm. 
Main  jets,  1.65  mm.;  Comp,  jets,  1.70  mm. 


Liberty  “6 11  engine — Zenith  carburetor ,  model  U.  S.  52,  “ plain  tube  ”  arrangement,  compensating  fuel  passage  blank. 

FULL-POWER  RUNS. 


R.  P.  M. 

Actual. 

Corrected. 

Water. 

Oil. 

Carb. 

air 

temp. 

#F. 

Man. 
vac. 
in.  hg. 

Fuel  cons. 

Float 

cham¬ 

ber 

vac. 

in. 

HtO. 

Posi¬ 
tion  1 
of  alt. 
con¬ 
trol. 

Brake 

load 

lb. 

B.H.P. 

Torque 
lb.  ft. 

H.  P. 

B.  M. 
E.  P. 
lb.  per 
sq.  in. 

Temp.  °F. 

Temp.  °F. 

Press, 
lb.  per 
sq.  in. 

Sec. 

for 

3  lbs. 

Lb. 

per 

hp.-hr. 

In. 

Out. 

In. 

Out. 

1,310 

368 

160.7 

664 

165.7 

121. 5 

152 

172 

92 

100 

25 

72 

1.2 

125 

0.537 

5.4 

0.75 

1,530 

369 

188.2 

AiUl 

DOO 

194.0 

121.9 

154 

172 

98 

100 

26 

72 

1.5 

108 

.532 

5.8 

4.50 

1,700 

344 

195.0 

620 

201.0 

113.4 

1.56 

174 

100 

108 

26 

73 

1.7 

106 

.525 

7.0 

5.00 

1,930 

270 

173.8 

467 

179.2 

89. 1 

152 

168 

102 

122 

27 

72 

1.9 

121 

.514 

8.3 

5.25 

2,010 

254 

170.2 

459 

175.5 

84.0 

152 

172 

108 

120 

28 

72 

2.0 

113 

.561 

8.3 

5.50 

Carburetor  setting;  Chokes,  38  mm.;  main  jet,  2.00  mm.;  comp,  jet,  1.70  mm.  Barometer;  29.02  in.  hg.  February'  15, 1921. 


1,300 

380 

164.6 

682 

168.5 

124.7 

152 

172 

i  122 

134 

27 

60 

1.2 

139 

0.472 

3.6 

5.75 

1,600 

368 

196.2 

658 

200.8 

120.4 

152 

171 

124  1 

144  1 

28  ! 

!  60 

1.6 

120 

.459  ! 

5.2 

0.00 

1,910 

300 

191.0 

538 

195.4 

98.4 

154 

172 

122  I 

1 

130 

i_J 

1.8 

103 

.549  i 

7.4 

6.25 

Carburetor  setting:  Chokes,  36  ram.;  main  jet,  1.65  mm.;  comp,  jet,  1.70mm.  Barometer:  29.28  in. hg. 

Data  for  both  runs:  Length  of  brake  arm,  21  in.;  kind  of  oil  used,  U.  S.  Spec.  No.  3501;  viscosity  115-125  at  210°  F.;  kind  of  fuel  used,  aviation 
gasoline,  W.  D.  Spec.  2-40;  specific  gravity,  0.707  at  60*  F.  March  3,  1921. 
i  Mixture  control  setting:  F.  R.,7.5;  F.  L.,0.75. 


PROPELLER-LOAD  RUNS. 


U.  P.  M. 

. 

Actual. 

Corrected. 

Water. 

Temi 

Oil. 

Carb. 

air 

temp. 

°F. 

Man. 
vac. 
in.  hg. 

Fuel  cons. 

Float 

cham¬ 

ber 

vac. 

in. 

HtO. 

Posi- 

Brake 

load 

lb. 

B.H.P. 

1  Torque 
'  lb.  ft.  j 

1  1 

H.  P. 

Temp.  °F. 

[>.  ’F. 

Press, 
lb.  per 
sq.  in. 

Sec. 

for 

3  lbs. 

Lb. 

per 

hp.-hr. 

tion  1 
of  alt. 
con¬ 
trol. 

In. 

Out. 

In. 

Out. 

1.730 

342 

197.4 

i  m  ; 

203.4 

152 

168 

10^ 

116 

28 

1.8 

112 

0.489 

“r7l 

5.0 

1  1,620 

302 

163.0 

1  544 

168.0 

154 

169 

110 

112 

27 

72 

3.7 

140 

.473 

4.2 

5.0 

1,510 

266 

133.9 

i  480 

138.0 

154 

168 

114 

112 

27 

73 

5.5 

*119 

.452 

3.0 

5.0 

l  1.400 

230 

107.4 

415 

110. 7 

1.56 

170 

112 

no 

26 

72 

7.6 

1  *141 

.476 

2.5  1 

5.0 

!  1.310 

199 

86.9 

358  | 

89.6 

156 

170 

110 

106 

26 

72 

9.6 

i  *  167 

.496 

2.0 

5.0 

:  1,210 

168 

|  67.8 

200  j 

]___ 

69.9 

158  1 

172 

106 

101 

25 

72 

10.7 

1  *208 

.510 

1.6 

5.0 

Carburetor  setting:  Chokes,  38  mm.;  main  jet,  2.00  mm.;  comp,  jet,  1.70  mm.  Barometer:  29.02  in.  hg.  February  15, 1921. 


1,710 

351 

!  200.0 

628 

204.6  | 

1 

152  , 

170 

122  | 

126  | 

28 

58  I 

1.7 

*,<110  1 

0.491 

6.2 

6.00 

1.520 

273 

138.  4 

489 

141.5  , 

152 

168 

122 

120 

28 

60  , 

3. 8 

,*,Ma3  1 

.504 

2.8 

6.00  , 

1.300 

204 

88.4 

365 

i  90.4  ! 

158 

174 

118 

112  1 

26 

60 

6.3 

<  ho  : 

..509 

2.2 

6.00 

1,220  1 

178 

1  72.4 

319 

74.0  , 

156  1 

168 

116 

108 

26 

60 

8.4 

j  4  94 

| 

.529 

1.8 

1  6.00  j 

Carburetor  setting:  Chokes,  36  mm.;  main  jet,  1.65  mm.;  comp,  jet,  1.70  mm.  Barometer:  29.28  in.  hg.  March  3,  1921. 

Data  for  all  runs:  Length  of  brake  arm,  21  In.;  kind  of  oil  used,  U.  8.  Spec.  No.  3501;  viscosity,  115-125  at  210°  F.;  kind  of  fuel  used,  aviation 
gasoline,  W.  D.  Spec.  No.  2-40;  specific  gravity  of  fuel,  0.707  at  60°  F. 

1  Mixture  control  setting:  F.  R.,  7.50;  F.  L.,  0.75. 

*  2  pounds  fuel. 

* 3  pounds  fuel. 

« Sec.  1  lb. 
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Liberty  tl  12"  aviation  engine— five-minute  fuel-consumption  runs  on  torque  stand— Zenith  TJ.  S.  52  carburetor. 

“PLAIN  TUBE”  SETTING. 


K.P.M. 

Actual. 

Corrected 
H.  P. 

Man. 
vac. 
in.  hg. 

Float  chamber 
vac.  in.  H«0. 

Mixture  control 
position. 

Fuel  cons. 

Brake 

load, 

lb. 

B.H.  P. 

Prop. 

end. 

Gear 

end. 

Lb./hr. 

Lb./hp./ 

hr. 

1,676 

312.0 

402.0 

4iao 

1.7 

9.1 

7.8 

F.  R . 

209.0 

0.520 

1,670 

307.0 

394.0 

402.0 

1.7 

ia7 

8.4 

Best . 

198.0 

.503 

1,488 

235.0 

269.0 

/  274. 0 

4.4 

4.9 

4.3 

F.  R . 

12a  0 

.468 

1,494 

231.5 

266.0 

271.0 

4.3 

5.1 

4.4 

Best . 

129.6 

.487 

1,284 

172.0 

17a  0  | 

173.4 

iao 

2.3 

1.5 

F.  R . 

85.2 

.501 

1,278 

na  0 

167. 0 

17a  3 

10.0 

2.3 

2.1 

Best . 

84.0 

.503 

1,066 

112.0 

91.8 

93.6 

14.0 

1.1 

1.1 

F.  R . 

54.0 

.588 

1,030 

107.5 

85.2 

86.9 

15.1 

LI 

1.1 

Best . 

48.0 

.563 

Length  of  brake  aim,  48.5  In.;  fuel  used  (spec,  grav.),  0.710  at  60*  F.,  W.  D.  Spec.  2-40;  barometer,  29.35  In.  hg.;  oil  used,  U.  S.  Spec.  No.  3501, 
viscosity  115-125  at  210*  F.,  average  air  temp.,  40°  F.;  outlet  water  temp..  170°  F. 

Carburetor  settings:  Carburetor  used,  Zenith  U.  S.  52;  chokes,  36;  main  )ets,  1.65  mm.,  comp.  Jets,  1.70  mm.  compensating  fuel  passage  blank. 
March  22, 1922.  9  ' 

Liberty  “6”  engine — Zenith  carburetor ,  Model  U.  S.  52,  Britton  type  discharge  nozzles. 

FULL  POWER  RUNS. 


R  P.M. 

Actual. 

Corrected. 

Water. 

Oil. 

Carb. 

air 

Ump. 

Man. 
vac. 
in.  hg. 

Fuel  cons. 

Float 

cham¬ 

ber 

vac. 

in 

HsO. 

Posi¬ 

tion1 

of 

alt. 

con¬ 

trol. 

Brake 

load, 

lb. 

B.H.P. 

Torque, 
lb.  ft. 

H.  P. 

B.  M. 
E.  P. 
lb.  per 
sq.  in. 

Temp.  •  F. 

Temp.  •  F. 

Press, 
lb.  per 
sq.  in. 

Sec. 

for 

31b. 

Lb. 

F 

In. 

Out. 

In. 

Out. 

1,310 

369 

161.0 

662 

165.0 

121.1 

152 

171 

93 

112 

25 

56 

1.5 

144 

a  466 

2.8 

a  75 

1,530 

354 

isa  5 

636 

185.0 

lia4 

154 

170 

96 

106 

26 

56 

2.0 

132 

.453 

3.5 

6.75 

1,720 

329 

188.5 

590 

193.2 

108.0 

153 

172 

102 

112 

26 

60 

2.4 

118 

.488 

4.4 

6.80 

1,910 

270 

172.0 

485 

17a  4 

88.8 

160 

178 

102  1  118 

26 

60 

2.8 

111 

.  566 

5.0 

7.75 

2,030 

246 

|  166.5 

441 

17a  6 

80  7 

148 

165 

103 

132 

I  * 

60 

2.8 

110 

1  .590 

1 

5.0 

7.50 

Carburetor  setting:  Chokes,  36  mm.;  main  Jet,  No.  50  drill  size;  comp.  Jet,  1.70  mm.  Barometer,  29.20  in.  hg.  February  14, 1221. 


1,300  1 

374  1 

162.0 

672 

ioa  4 

123.0 

152 

170  1 

90 

92 

25 

58 

1.4 

146 

0.456 

3.0 

6.25 

1,520 

367  | 

186.0 

659 

191.0 

12a  5  i 

158 

174 

92 

106 

26 

59 

1.8 

125 

.464 

3.6 

6.60 

1,730  t 

339  . 

195.5 

610 

20a8 

111.5 

154 

172 

102 

142 

27 

62 

2.2 

117 

.472 

5.2 

a25 

1,930 

281  1 

18a  7 

sai 

185.5 

92.4 

156 

173 

116 

130 

27  | 

66 

2.5 

106 

.564 

6.0 

6.50 

2,020  | 

249  | 

167.6 

448 

172.1 

82.0  ! 

1 

152 

170  ; 

116 

138 

27  h 

2.5 

106 

.608 

6.4 

1  Mixture  control  setting:  F.  R.,  7.5;  F.  L.,  0. 


Carburetor  setting:  Chokes,  38  mm.;  main  Jet,  No.  47  drill  site;  comp,  jet,  1.70  mm.  Barometer,  29.15  in.  hg.  February  15, 1921. 

Data  for  both  runs:  Length  of  brake  arm:  21  inches  Kind  of  oil  used:  U.  8.  Spec.  No.  3501,  viscosity  115-125  at  210°  F.  Kind  of  fuel 
used:  aviation  gasoline  W.  D.  Spec.  2  40;  specific  gravity,  0.707  at  60°  F. 

PROPELLER  LOAD  RUNS. 


R.  P.  M. 

Actual. 

Corrected. 

Wa 

Temj 

ter. 

Oil. 

Carb. 

air 

temp. 

°F. 

Man. 
vac.  in. 
hg. 

Fuel  cons. 

Float 

cham¬ 

ber 

vac.  in. 
H«0. 

Posi¬ 
tions1 
of  alt. 
con¬ 
trol. 

Brake 

load  B.  H.  P. 
ib. 

Torque 
lb.  ft. 

H.  P. 

).  °F. 

Temp.  °F. 

Press, 
lb.  per 
sq.  in. 

Sec.  for 
31b. 

Lb.  per 
hp.  hr. 

In. 

Out. 

In. 

Out. 

1,740 

330 

191.5 

588 

195.0 

156 

172 

96 

122 

27 

63.0 

2.5 

113 

a  499 

4.4 

6.9 

1,620 

290 

156.6 

517 

159,5 

154 

170 

100 

112 

26 

64.0 

3.8 

146 

.472 

2.4 

a9 

1,510 

258 

129.9 

460 

132.2 

154 

173 

110 

120 

26 

65.0 

5.6 

*  120 

.462 

1.8 

a® 

1,410 

225 

105.8 

401 

107.7 

156 

170 

118 

150 

26 

66.0 

8.0 

>143 

.476 

1.5 

ao 

1,310 

193 

84.3 

344 

85.8 

157 

170 

122 

132 

26 

66.0 

10.0 

>177 

.483 

1.4 

6.9 

1,190 

158 

62.7 

282 

63.8 

158 

171 

124 

120 

25 

66.0 

11.3 

>218 

.527 

1.3 

6.9 

Carburetor  setting:  Choke,  36  mm.;  main  jet,  No.  50  drill  size;  comp,  jet,  1.70  mm.  Barometer,  29.40  in.  hg.  February  14,  1921. 


1,710 

339 

193.2 

610 

198. 

4 

1 

154 

171 

112 

120 

27 

64 

2.2 

117 

0.478 

5.2 

6.30 

1,630 

302  | 

164.1 

542 

168. 

5 

1.53 

170 

112 

114 

25 

65 

3.4 

141 

.466 

3.4 

6.30 

1,520 

qcc  1 
XOO 

134.8 

478 

138. 

5 

154  | 

170 

112 

108 

25 

4.6 

>115 

.465 

2.4 

a30 

1,410 

233 

109.5 

|  419 

112. 

5 

156 

168 

108 

102 

25 

66 

6.6 

>139 

.473 

2.0 

6.30 

1,310 

200 

87.4  j 

359 

89. 

8 

158 

173 

106 

102 

25 

66 

8.1 

*169 

.488 

1.8 

6.30 

1  1,200 

170 

68.0 

306 

69. 

8 

156 

1 

170 

102 

92 

25 

66 

9.5 

>201 

.527 

1.5 

6.30 

1  Mixture  control  settings:  F.  R.,  7.75;  F.  L.,  0. 

*  2  pounds  fuel. 

Carburetor  setting:  Choke,  38  mm.;  main  jet,  No.  47  drill  size;  comp,  jet,  1.70  mm.  Barometer,  29.15  in.  hg.  February  15,  1921. 

Data  for  all  runs:  Length  of  brake  arm,  21  in.;  kind  of  oil  used.  U.  S.  Spec.  No.  3501,  viscosity  115-125  at  210°  F.;  kind  of  fuel  used,  Aviation 
gasoline,  W.  D.  Spec.  No.  2-40;  specific  gravity  of  fuel,  0.707  at  60°  F. 
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Carburetor  test  chamber — Variation  of  mixture  ratio  with 
altitude — Zenith  carburetor ,  Model  •  U.  S.  52, 


FULL  THROTTLE. 


Altitude 
in  feet. 

Standard  setting.' 

“  Plain  tube 

*’  > 

Brit¬ 
ton  3 
setting, 
full 
rich. 

Full 

rich. 

Full 

lean. 

Setting  (A). 

Setting 

<B), 

full 

rich. 

Full 

rich. 

Full 

lean. 

MLxture  ratio,  lbs.  air  per  lb.  fuel. 

0 

17.00 

20.44 

20.56 

28.00 

10.07 

15.30 

5,000 

16.46 

24.75 

18.94 

24.51 

17.00 

14.60 

10,000 

15.20 

21.15 

18.02 

20. 81 

17.08 

14.02 

15,000 

13.52 

17.60 

16. 45 

10.84 

15.33 

12.07 

20,000 

12.20 

15.86 

15.52 

10. 81 

13.84 

12.23 

25,000 

t 

10.30 

13.04 

14. 42 

17.88 

11.01 

10.30 

|  Fuel  flow,  lbs.  per  hour. 

0 

81.8 

50.7 

70.6 

51.8 

75.4 

93.7 

5,000 

74.6 

50.6 

64.7 

50.0 

67.1 

81.8 

10,000 

67.0 

40.2 

56.4 

48.0 

62.1 

75.  5 

15,000 

62.6 

48.3 

50.0 

42.0 

57.3 

67.7 

20,000 

54.0 

43.2 

43.2 

34.0 

51.0 

59.5 

25,000 

51.1 

38.6 

37.2 

30.1 

50.3 

58.2 

Variation  of  mixture  ratio  with  throttle  opening  ( propeller 
load) — Zenith  carburetor ,  Model  U,  S.  52,  with  Britton 
type  discharge  nozzle. 


Nominal 
R.  P.M. 
of  engine. 

Throttle 

opening, 

degrees. 

Ground  level. 

20,000  feet 

Full  rich. 

Blank 
corap.  Jet 
full  rich. 

Full  rich. 

Full  lean. 

Mixture  ratio,  lbs.  air  per  lb.  fuel . 

1,700 

64  full 

10.40 

22.05 

14.17 

17.61 

1,600 

30 

18.51 

22.45 

13.67 

17.60 

1, 500 

28 

18.01 

23.40 

13. 17 

16. 73 

1,400 

22 

17.30 

24.49 

12.53 

16.93 

1,300 

17 

16.85 

27.11 

12.06 

17.00 

Fuel*  flow,  lbs.  per  hour. 

1,700 

64  full 

75.8 

66.1 

48.5 

30.0 

1,600 

30 

60.2 

57.6 

45.3 

35.8 

1,500 

28 

62.1 

48.0 

40.0 

32.1 

1,400 

22 

55.0 

38.9 

35.7 

26.9 

1,300 

17 

46.6 

28.8 

28.2 

10.8 

1  Standard  setting:  Choke,  36  mm.;  main  Jet,  1.65  mm.:  comp.  Jet, 
1.70  mm  '  J 

‘“Plain  tube*':  Setting  (A)— Choke,  36  mm.;  main  Jet,  1.65  mm. 
comp.  Jet,  1.70  mm.;  comp,  fuel  passage  blank.  Setting  (B)— Choke, 
3S  mm.;  main  Jet,  2.00  mm.;  comp.  Jet,  1.70  mm.;  comp,  fuel  passage 
blank. 

•Britton  setting:  Choke,  36  mm.;  Britton  »type  discharge  nozzle; 
main  metering  orifice  No.  50  drill  size;  comp.  Jet,  1.70  mm. 


Carburetor  test  chamber — Variation  of  mixture  ratio  with  throttle  opening  ( propeller  load),  Zenith  carburetor ,  Model  U.  S.  52. 


Nominal 

Throttle 

Standard  setting.* 

Main  jet  only, 
ground  level. 

Comp,  jet  only,* 
ground  level. 

of  engine. 

degrees. 

Ground  level. 

20,000  ft. 

altitude. 

Full 

Full 

Full 

Full 

Full 

Full 

Full 

Full 

rich. 

lean. 

rich. 

lean. 

rich. 

lean. 

rich. 

lean. 

MLxture  ratio,  lbs.  air  per  lb.  fuel.  I 

1,700 

64  full 

17.04 

29.44 

12.35 

14.61 

23.68 

27.80 

72.83 

1,034.0 

1,600 

39 

17.77 

27.88 

11.85 

14.25 

25.05 

28.80 

65.00 

211.0 

1,500 

28 

17.28 

26.23 

11.50 

13.74 

25.85 

30.40 

57. 10 

116.0 

1,400 

22 

16.80 

23.20 

10.84 

13.39 

27.30 

32.60 

48.70 

77.6 

1,300 

17 

16.05 

21.20 

10.48 

12.72 

20.27 

35.55 

40.40 

53.2 

Fuel  flow,  lbs.  per  hour. 


1,700 

64  full 

80.4 

50.7 

58.3 

40.5  : 

62.1 

53.0 

20.2 

1.42  1 

1,600 

30 

72.5 

46.3 

55.0 

45.3  , 

51.8 

45.0 

20.0 

6.16  , 

1,500 

28 

64.5 

42.7 

48.2 

40.5  | 

43.6 

37.1 

19.0 

9.78  | 

1,400 

22  1 

56.3 

41.2 

43.7 

35.6  , 

35.3 

29.5 

19.8 

12.50 

1,300 

17  i 

1 

48.8 

37.3 

37.3  1 

31.2  | 

27.1 

22.3  I 

10.7 

15.00 

1  Standard  setting:  Choke,  36  mm.:  main  Jet,  1.65  mm.:  compensating  Jet,  1.70  mm. 
*  Idle  passages  and  compensating  discharge  nozzles  functioning. 
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Zenith  carburetor,  Model  U .  S'.  52,  with  compensating  fuel  passages  blank  (“plain  tube  ”). 


Nominal 
R.  P.M. 
of  engine. 

Throttle 

opening, 

degrees. 

Ground  level  conditions. 

20.000  feet,  set¬ 
ting  (B). 

Setting  (A). 

Full  ,  Full 
rich.  lean. 

Setting 

Blank  » 
comp, 
jet,  full 
rich. 

Blank 

main 

jet,  full 
rich. 

Full 

rich. 

Full  # 
lean.’ 

Mixture  ratio,  lbs.  air  per  lb.  fuel. 

1,700 

1,600 

1,500 

1,400 

1,300 

64  full 

39 

28 

22 

17 

20.39 

19.95 

19.75 

18.75 
18.44 

!  28.00 

28.40 
29.30 

24.40 
21.85 

15.25 

15.20 

14.97 

14.69 

14.57 

17.08 

18.33 

19.02 

22.07 

31.45 

188.0 

122.0 

83.1 

61.3 

43.3 

11.89 

11.45 

11.43 

11.21 

11.08 

14.69 
13.65 
13.36 
*  13.43 
13.46 

i 

Fuel  flow,  lbs.  per  hour. 

1,700 

64  full 

71.2 

52.1  1 

96.0 

85.2 

7.86 

59.3 

48.3 

'  1,600 

39 

64.3 

45.7 

83.8 

70.2 

10.53 

55.1 

46.2  ! 

1,500  1 

28 

56.2 

38.2  1 

74.2 

58.5 

13.43 

47.5 

41.3  | 

!  1,400  l 

22 

50.4 

39.1 

64.2 

42.4 

15.46 

40.8 

33.9  ; 

1,300 

17 

42.4 

36.1  1 

53.4 

24.7 

17.98 

34.4 

27.4  1 

1  Main  jet,  2.00  mm. 

Setting  (A):  Choke,  36  mm.;  main  jet,  1.65  mm.;  compensating  jet,  1.70  mm.  Setting  (B): 
Choke,  38  mm.;  main  jet,  2.00  mm.;  compensating  jet,  1.70  mm. 


Carburetor  test  chamber — Zenith  carburetor ,  Model  U.  S.  52  — 
Standard  Liberty  “12*  setting,  full  throttle. 


Variation  of  mix¬ 
ture  ratio  with  Variation  of  mixture  ratio  with  float 
air  flow,  ground  chamber  vacuum, 

level,  full  rich. 


Air 

flow,  lb. 
per  sec. 

1  Mixture 
ratio,  lb. 
air/lb. 
fuel. 

|  Float 

Altitude  chamber 
feet.  vacuum 

in.  H«0. 

Mixture 
ratio,  lb. 
air/lb. 
fuel. 

Position 
of  con¬ 
trol. 

0.078 

20.30 

0 

1.2 

18.56 

F.  R. 

.  104 

19.95 

0 

2.0 

19.77 

.153 

|  17.75 

0 

3.0 

21.08 

.202 

17.00 

0 

4.0 

23.78 

|  .254 

|  17.04 

0 

5.3 

32.87 

F.  L. 

.307 

17.85 

5000 

0.8 

17.77 

F.  R. 

.359 

1  18.30 

5000 

2.0 

19.36 

.407 

1  19. 14 

5000 

3.0 

21.98 

.458 

19.25  , 

5000 

4.0 

,  24.92 

F.  L. 

.520 

19.50 

10000 

0.6 

17.11 

F.  R. 

10000 

2.0 

!  18.58 

10000 

3.3 

22.50 

F.  L. 

j 

15000 

0.5 

15.25 

F.  R. 

15000 

1.5 

!  17.01 

I 

15000 

2.5 

1  19.04 

F.  L. 

20000 

0.3 

|  13. 18 

F.  R. 

20000 

1.0 

14.41 

i 

20000 

1.8 

16.60 

F.  L. 

' 

25000 

0.4 

11.35 

F.  R. 

| 

25000 

1.0 

12.87 

i 

25000 

1.5 

13.83 

F.  L. 

Propeller  load  runs . 


Nominal 
R.  P.  M. 

Throttle 

opening, 

deg. 

Air  flow, 
per  cent. 

Air  flow, 
lb./sec. 

Ground  level. 

1,700 

64 

100.0 

0.405 

1,600 

39 

88.6 

.359 

1,500 

28 

77.0 

.312 

1,400 

22 

65.5 

.265 

1,300 

17 

54.0 

.219 

20,000  feet  altitude. 

1,700 

64 

100.0 

0.188 

•  1,600 

39 

88.6 

.  167 

1,500 

28 

77.0 

.  145 

1,400 

22 

65.5 

.123 

1,300 

17 

54.0 

.103 

Carburetor  test  chamber — Air  flow  through  one  carburetor, 
Liberty  “12.” — Full  throttle. 


1 

1  Altitude, 

,  1,000’s 
feet. 

Depres¬ 
sion  at 
earb. 
intake 
in  Hg. 

Density, 
per  cent. 

Wt.air, 
constant 
engine 
speed, 
lb.  per 
sec. 

Per  cent 
of 

ground 

speed. 

Wt.  air. 
reduced 
speed,1 
lb.  per 
sec. 

0  1 

0.2  j 

100.00 

0.405 

100.0 

0.  405 

5 

4.1  1 

86.29 

.349 

98.  5 

.344 

10  j 

7.8  | 

73.70  1 

.298  j 

95.9 

.286 

1  15 

11.2 

62.37 

.252 

93.4 

.235 

,  20  1 

14.2  1 

52.37 

.212 

88.8 

.188 

|  25  1 

16.8 

1 

43.68 

1 

.177 

83.4 

.  148 

1  “Reduced  speed”  refers  to  the  decrease  in  R.  P.  M.  of  the  engine 
propeller  unit  at  altitudes. 

Note.— Measured  weight  of  air  at  1,700  R.  P.  M.,  full  throttle  ground 
level:  Engineering  Division  test,  0.370  lb. /sec.;  Bureau  of  Standards 
test,  0.450  lb./sec. 
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Fio.  15.— Britton  type  discharge  nozzle  and  metering  orifice  as  fitted  to 
Zenith  carburetor, '.Model  U.  8.  52. 
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Fio.  Ifl.— Carburetor  test  chamber  and  manometer  board. 


Fiq.  17.— ^ Carburetor  test  chamber  and  manometer  board. 
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